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wherein beyond a region of attachment, a first derivative
of the profile of the main conductor 501 is continuous.
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Description

Technical Field

[0001] The invention relates to ultra wide band antennas. In particular, but not exclusively, it relates to the form of the
ultra wide band antenna.

Background

[0002] An ultra wide band (UWB) system is any radio system where the bandwidth of the desired signal is either
greater than 20% of the centre frequency or greater than 500MHz. In 2002 the US Federal Communication Commission
(FCC) made available the 3.1 to 10.6GHz band to radio communication meeting this definition of UWB, operating in
indoor or hand-held peer-to-peer configurations. In Europe, the European Conference of Postal and Telecommunications
Administrations (CEPT) is currently evolving towards a regulation that is similar to that proposed by the FCC.
[0003] UWB technologies are expected to play an important role in the future for a wide variety of short-range high
data-rate applications. This includes traditional wireless such as Local Area Networks (LAN), Personal Area Networks
(PAN) and Body Area Networks (BAN), as well as consumer electronic devices (such as in photo and video cameras,
set-top boxes, modem-routers, etc.) that increasingly have the need to communicate. A further application of UWB is
long-range asset tracking, where the positioning information that can be obtained very accurately in UWB systems is
employed.
[0004] The extreme bandwidth requirement of UWB systems places stringent design constraints on the antenna that
is used. The design of a "good" antenna is important to preserve the pulse shapes utilized within UWB, and the antennas
should present a good impedance match and a monotonic phase over the whole frequency range used by the system.
[0005] Accordingly, antenna design must deal with several constraints simultaneously: bandwidth, gain (related to
impedance matching), phase, efficiency, directivity, size and cost.
[0006] In most narrow-band radio design, it is assumed that the antenna can be treated as a simple load with a certain
impedance. This in turn creates the implicit assumption that the basic performance of the antenna is fixed over the
bandwidth of the narrow-band signal.
[0007] However, when designing an antenna for a UWB system the antenna performance will not be fixed over the
bandwidth. This will have a filtering effect on the transmitted pulses that will significantly change their form with transmit
frequency. In addition to this frequency filtering effect, there is also a spatial filtering effect, as the radiation pattern of
wide-band antennas is not constant with frequency.
[0008] Referring now to Figure 1, known UWB antennas in the art include patch antennas 101, horn antennas 102,
and conical antennas 103. In each case, the name is derived from the nature of the main conductor, i.e. the radiating
/receiving component illustrated.
[0009] Patch antennas are better characterised as multi-band rather than wide-band antennas, due to the successive
resonances of the substrate, while horn antennas are bulky and highly directive.
[0010] Conical antennas are theoretically ideal given an infinite cone, which provides an infinite bandwidth and a stable
gain with respect to frequency (thanks to a matching condition independent of the frequency). Furthermore, the radiated
field pattern, close to the one provided by a dipole antenna, is also independent of the frequency and is well suited to
illuminate a room.
[0011] In practice, however, the main conductor cone must of course be truncated; this causes the currents on the
outer surface of the cone to be reflected. The result of this reflected current provides a good impedance to the bi-cone
antenna can only be ensured for approximately a 50% bandwidth relative to central frequency (e.g. 1 to 2GHz).
[0012] Referring now to Figure 2, a related structure is the mono-conical antenna 201, comprising the main conductor
210, a ground plate 220 and a connector 230. In this case, one of the truncated cones is replaced with the ground plate,
which reflects to act as a virtual dipole. This reduces the height of the antenna. Typically the ground plane provides
symmetry in the electrical (E) field and antisymmetry in the magnetic (H) field. Ideally the ground plane is infinite, but in
practice it is sufficient to only extend a couple of the wavelengths.
[0013] Such antennas have been largely studied from a theoretical point of view (e.g. see C.A. Balanis, "Antenna
theory - analysis and design", Harper and Row, New York, 1982, Chapt. 8, pp.322-371). Several authors point out in
particular the effect of the shape in the vicinity of the ground plate on the equivalent parasitic lumped elements, and the
effect of the main conductor shape on the radiated far field (e.g. see M. Piette et al., "High frequency effect of the junction
between cone tip, coaxial feeder and ground plane on the input impedance of a long monocone antenna on ground
plane", Antennas and Propagation, ICAP ’95. Ninth International Conference on, No 407, pp.465-469, April 1995).
[0014] From a practical perspective, such antennas have to date found application mainly in omni-directional and
ultra-wideband contexts. Lu et al. have described such antennas in a VHF context (see M. Lu et al., "A high quality ultra
wideband omni-direction antenna", Electromagnetic Compatibility Proceedings, International Symposium on , pp. 122
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-125, May 1997).
[0015] Referring to figure 3, Taniguchi et al. in "An omnidirectional and low VSWR antenna for UWB wireless systems",
Radio and Wireless Conference RAWCON, pp. 145-148, August 2002, recently described modifying the cone form by
adding a hemisphere to a conical UWB antenna, resulting in an ’ice cream cone’ structure 301, to attenuate the parasitic
effect on the far field. However, among other things this structure does not fully attenuate current reflection and leads
to a bulky antenna, needing additional pieces to maintain the main conductor. Consequently it was structurally weak.
[0016] Thus, a need exists for a mechanically robust UWB antenna that is compact whilst providing sufficient bandwidth,
impedance and gain performance.
[0017] The purpose of the present invention is to address the above need.

Summary of the Invention

[0018] The present invention provides an ultra wide band (UWB) antenna, characterised by a teardrop shaped main
conductor, wherein beyond a region of attachment, a first derivative of the profile of the main conductor is continuous.
[0019] In a first aspect, the present invention provides an ultra wide band antenna, as claimed in claim 1.
[0020] In a second aspect, the present invention provides a communication device, as claimed in claim 13.
[0021] In a third aspect the present invention provides a method of manufacture, as claimed in claim 14.
[0022] In a fourth aspect the present invention provides a method of transmission or reception, as claimed in claim 15.
[0023] Further features of the present invention are as defined in the dependent claims.

Brief description of the drawings

[0024]

FIG. 1 is a schematic diagram illustrating forms of antenna main conductors known in the art.

FIG. 2 is a schematic diagram illustrating a further form of antenna main conductor known in the art.

FIG. 3 is a schematic diagram illustrating a yet further form of antenna main conductor known in the art.

[0025] Embodiments of the present invention will now be described by way of example with reference to the accom-
panying drawings, in which:

FIG. 4 is a mesh illustrating of the form of an antenna main conductor shape in accordance with an embodiment of
the present invention.

FIG. 5 is a graph illustrating a curve of an antenna main conductor profile as a function of x and y in accordance
with an embodiment of the present invention.

FIG. 6 is a schematic diagram illustrating a ground plate in accordance with an embodiment of the present invention.

FIG. 7 is a schematic diagram illustrating a connector in accordance with an embodiment of the present invention.

FIG. 8 is a schematic diagram illustrating an assembly of a main conductor, ground plate an connector in accordance
with an embodiment of the present invention.

FIG. 9 is a graph illustrating amplitude (modulo) and phase versus frequency for an S11 parameter for an antenna
in accordance with the present invention.

FIG. 10 depicts graphs in spherical coordinates illustrating angular coverage over separate frequencies for an
antenna in accordance with the present invention.

Detailed description of embodiments of the invention

[0026] An ultra wide band (UWB) antenna is disclosed. In the following description, a number of specific details are
presented in order to provide a thorough understanding of an embodiment of the present invention. It will be apparent,
however, to a person skilled in the art that these specific details need not be employed to practice the present invention.
In other instances, well known methods, procedures and components have not been described in detail in order to avoid
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unnecessarily obscuring the present invention.
[0027] The inventors of the present invention have appreciated that an alternative to the conical form of antenna main
conductor may be beneficial.
[0028] Specifically, they have appreciated that a main conductor wherein the first derivative of the surface profile is a
continuous function is beneficial. Such a profile achieves an adiabatic transition over a continuum of angles that signif-
icantly reduces the problem of current reflection, so improving the amount of utilisable bandwidth from the antenna.
[0029] Referring now to Figures 4 and 5, in a preferred embodiment of the invention an ultra wide band (UWB) antenna
is characterised by a teardrop shaped main conductor 400, wherein beyond a region of attachment 502, a first derivative
of the profile of the main conductor is continuous, i.e. has no discontinuity.
[0030] In an embodiment of the present invention, the curve of the teardrop profile 501 is derived using a parametric
curve comprising:

 

where h is the height, and N is the order of the curve.
[0031] The resulting profile 501 is not concave (i.e convex) over the length of the longitudinal axis of the main conductor.
[0032] In practice, the curve will be truncated at one end to meet the coaxial field of a connector. Consequently one
needs to find a value of t such that at a region of attachment of the main conductor, radius x equals the radius of the
field connector, RF (identified as point 502 in Figure 5).
[0033] Defining x in terms of v=sin(t/2), equation (1) can then be re-written as: 

[0034] Thus, defining u = v2, searching x = RF is equivalent to seek the roots of the following equation: 

[0035] As equation (3) is a polynomial, the roots can easily be found.
[0036] To determine a suitable value of N, one may initially consider two teardrops in a bi-conal style arrangement:

In a bi-conal antenna, the impedance depends on the angle of the cone to the ground plane. Given a typical
impedance of 50Ω, and according to Schelkunoff’s law, the best suitable angle is then around 47° (See Piette et.
al., ibid).

[0037] Calculating the curve of the teardrop for values of N, it transpires that for N = 2, the tangent of the teardrop at
x = RF adjacent to the region of attachment is 46° to the ground plane. Consequently a value of N = 2 will result in an
impedance of approximately 50Ω.
[0038] It will be clear to a person skilled in the art that other values of N and other impedances are envisaged within
the scope of the invention, and that N need not necessarily be an integer. Thus for a teardrop shaped main conductor
one may reasonably expect the angle of tangent adjacent to the region of attachment to vary according to specification,
but typically be substantially between 40° and 50° to the longitudinal axis of the teardrop and to the ground plate. Similarly
an impedance between 45 and 55Ω may be typical.
[0039] It will be clear to a person skilled in the art that within the contemplation of the present invention, flat regions
of the main conductor profile 501 are possible. For example, a flat region on top (i.e. opposite the region of attachment)
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of the main conductor:
[0040] If the parametric function for x defined in equation (1) were to be supplemented by a function of y such as ...+my
where m is some constant, then the gradient at the top of the main conductor would equal 0 when x > 0, and so a flat
top from radius 0 to x becomes possible whilst still having a continuous first derivative. Thus in general, the curvature
of the profile 501 may be flat at any point as long as it joins at the tangent of the remaining curve. However, it is believed
that such an arrangement would be sub-optimal in terms of gain uniformity.
[0041] It will similarly be clear to a person skilled in the art that manufacture of a teardrop shaped main conductor as
described herein may be achieved by feeding the profile 501 into a programmable lathe or similar to generate a solid of
rotation.
[0042] Referring now to Figures 6 and 7, in an embodiment of the present invention a ground plate 610 is provided.
The ground plate 610 has two functions that influence its dimensions:

Firstly it reflects the emissions of the main conductor to create a virtual dipole. This influences the radius of the
ground plate 610, as it must be comparable to the emitted wavelengths of the main conductor 400.

Secondly it facilitates connecting the main conductor 400 to a connector 710, the fulfilment of which determines its
thickness.

[0043] The connector 710 (typically a ’Subminiature Version A’ or SMA connector as known in the art) preferably has
a dielectric constant in its coaxial material to substantially match the impedance of the main conductor 400.
[0044] In an embodiment of the present invention, a pin or similar protrusion (not shown) extending from the region
of attachment of the teardrop shaped main conductor 400 is suitable to plug into the central conductor of an SMA
connector 710.
[0045] To provide a mechanically robust assembly, the pin passes though a ring 620 of plastic, preferably rexolyte,
which has been inserted within the ground plate 610.
[0046] Preferably the ring 620 and ground plate 610 are arranged such that the ring 620 cannot pass through the
ground plate 610, for example by having a protruding lip on the ring 620 and corresponding indentation in the ground
plate 610, as shown in figure 6.
[0047] Then by plugging the main conductor into the SMA connector 710 the ring 620 is effectively trapped, as can
be seen in the assembly 800 of Figure 8.
[0048] Preferably, the pin of the teardrop shaped main conductor 400 fits firmly but removably into the ring 620 and
SMA connector 710.
[0049] Taking into account the electrical permitivity of the ring’s plastic - in the case of rexolyte, εr = 2.53 - the sizes
of the ground plate and the inside of the ring are chosen to provide a coaxial wave-guide that substantially matches the
impedance of the main conductor 400.
[0050] The performance of the antenna disclosed herein is illustrated in Figures 9 and 10:

Figure 9 shows simulated S11 results demonstrating that |S11| is under -11dB over the UWB frequency range. This
means that the teardrop shaped main conductor 400 can transmit over a bandwith of over 8GHz with a relatively
uniform gain. Moreover, performance can be tuned by modification to parameters such as N and t in equation 1.

Figure 9 shows the far field characteristics over the FCC UWB frequency range in spherical coordinates, showing
a better angular coverage at all frequencies over the prior art.

Whilst the UWB antenna described herein details a single main conductor and ground plate, it will be clear to a
person skilled in the art that two teardrop shaped main conductors 400 could equally be arranged in a fashion similar
to the bi-conal antenna 103, i.e. both main conductors sharing substantially the same longitudinal axis, with their
regions of attachment facing each other.

It will be understood that the UWB antenna as described herein provides at least one or more of the following
advantages:

i. Mechanically robust assembly;
ii. Better gain uniformity over a very wide bandwidth relative to the prior art;
iii. Better angular uniformity over a very wide bandwidth relative to the prior art;
iv. Parametrically tuneable performance; and
v. Compact size relative to the prior art.
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Claims

1. An ultra wide band (UWB) antenna characterised by a teardrop shaped main conductor 400, wherein beyond a
region of attachment, a first derivative of the profile of the main conductor 501 is continuous.

2. An ultra wide band (UWB) antenna according to claim 1 wherein beyond an region of attachment 502, the curvature
of the main conductor profile 501 changes continuously.

3. A UWB antenna as claimed in any one of claims 1 and 2 wherein the tangent to the teardrop profile 501 adjacent
to the region of attachment 502 is substantially between 40° and 50° to the longitudinal axis of the teardrop shaped
main conductor 400.

4. A UWB antenna according to any one of the preceding claims, wherein the curve of the teardrop 501 is derived
using a parametric curve comprising: 

where h is the height,
and N is the order of the curve.

5. A UWB antenna according to claim 4 wherein N = 2.

6. A UWB antenna according to any one of claims 4 and 5 wherein t is determined by finding the roots of

 

where x = RF is the field connector radius,
and u = sin(t/2)2.

7. A UWB antenna according to any one of the preceding claims wherein the main conductor 400 has a load impedance
of between 45 and 55 Ω.

8. A UWB antenna according to any one of the preceding claims further comprising an SubMiniature version A (SMA)
connector 710 whose coaxial material has a dialectric constant to substantially match the impedance of the main
conductor 400.

9. A UWB antenna according to any one of the preceding claims further comprising a ground plate 610, the ground
plate characterised by a central ring 610 whose electrical permitivity enables the transition through the ground
plate 610 to act as a coaxial waveguide that substantially matches the impedance of the main conductor 400.

10. A UWB antenna according to any one of the preceding claims wherein the main conductor 400 couples with the
SMA connector 710 through the ring 620 of the ground plate 610.

11. A UWB antenna according to any one of claims 9 and 10, wherein the ring 620 comprises rexolyte.

12. A UWB antenna according to any one of claims 1 to 7 further comprising a second similar teardrop shaped main
conductor 400, both main conductors sharing substantially the same longitudinal axis, with their regions of attachment
facing each other.
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13. A communication device comprising a UWB antenna in accordance with any one of the preceding claims, charac-
terised by a teardrop shaped main conductor 400, wherein beyond a region of attachment 502, a first derivative of
the profile of the main conductor 501 is continuous.

14. A method of manufacturing a UWB antenna characterised by producing a teardrop shaped main conductor 400
as a solid of rotation of a profile 501 whose first derivative is continuous beyond a region of attachment 502.

15. A method of transmitting or receiving UWB signals characterised by employing a UWB antenna comprising a
teardrop shaped main conductor 400, wherein beyond an region of attachment 502, a first derivative of the profile
of the main conductor 501 is continuous.
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